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Abstract
Background: Links between parental socioeconomic position during childhood and subsequent risks of
developing mental disorders have rarely been examined across the diagnostic spectrum. We conducted a
comprehensive analysis of parental income level, including income mobility, during childhood and risks for
developing mental disorders diagnosed in secondary care in young adulthood.
Methods: National cohort study of persons born in Denmark 1980–2000 (N = 1,051,265). Parental income was
measured during birth year and at ages 5, 10 and 15. Follow-up began from 15th birthday until mental disorder
diagnosis or 31 December 2016, whichever occurred first. Hazard ratios and cumulative incidence were estimated.
Results: A quarter (25.2%; 95% CI 24.8–25.6%) of children born in the lowest income quintile families will have a
secondary care-diagnosed mental disorder by age 37, versus 13.5% (13.2–13.9%) of those born in the highest
income quintile. Longer time spent living in low-income families was associated with higher risks of developing
mental disorders. Associations were strongest for substance misuse and personality disorders and weaker for mood
disorders and anxiety/somatoform disorders. An exception was eating disorders, with low parental income being
associated with attenuated risk. For all diagnostic categories examined except for eating disorders, downward
socioeconomic mobility was linked with higher subsequent risk and upward socioeconomic mobility with lower
subsequent risk of developing mental disorders.
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Conclusions: Except for eating disorders, low parental income during childhood is associated with subsequent
increased risk of mental disorders diagnosed in secondary care across the diagnostic spectrum. Early interventions
to mitigate the disadvantages linked with low income, and better opportunities for upward socioeconomic mobility
could reduce social and mental health inequalities.
Keywords: Socioeconomic position, Income trajectory, Childhood environment, Mental health
Background
Experiencing material deprivation at an early age has
been linked with subsequent elevated risk of developing
a mental disorder, with children from socially disadvan-
taged backgrounds being more likely to experience poor
mental health in adulthood [1–5]. Although these links
have been well-established, much of the published evi-
dence has been generated from cross-sectional studies,
and so it remains unclear how risks of mental illnesses
could vary in relation to changing parental socioeco-
nomic positions (SEP) during childhood. Researchers
have also tended to apply occupational status or educa-
tional attainment levels, rather than income levels, as in-
dicators of parental SEP. Whilst the various measures of
SEP could reflect different aspects of a child’s home en-
vironment, parental income is more likely than parental
occupational status or parental educational attainment
to fluctuate over time, and could be considered to be a
more sensitive measure for capturing any changes in so-
cioeconomic conditions through childhood. Published
research on parental SEP and mental health in adult-
hood has mostly concentrated on specific disorders,
mainly depression [6], and it thus remains unclear how
risks compare across the whole diagnostic spectrum. In
addition, the absolute risks of developing these disorders
in relation to childhood socioeconomic conditions have
seldom been reported, as previously conducted studies
have commonly estimated relative risks only.
Using interlinked national Danish registry data, we con-
ducted a comprehensive longitudinal analysis to explore
links between parental income, and income mobility, dur-
ing childhood and subsequent risk of developing mental
disorders that were diagnosed in secondary care settings
across the full diagnostic spectrum. Parental income was
measured during birth year and at ages 5 (early childhood),
10 (middle childhood) and 15 (adolescence) years. We ad-
dressed the following research questions: (1) What are the
associations between parental income measured at these
four ages and risks of developing any mental disorder and
specific disorders after 15th birthday?; (2) Does duration of
time spent in materially deprived versus more affluent con-
ditions modify risks?; (3) Are changes in parental income
quintile between birth and 15th birthday associated with
variability in risk? We examined the following diagnostic
groups: (i) any mental disorder, (ii) substance misuse disor-
ders, (iii) personality disorders, (iv) broadly defined schizo-
phrenia, (v) mood disorders, (vi) anxiety/somatoform
disorders and (vii) eating disorders. We estimated both
relative risks (as hazard ratios) and absolute risks (as cumu-
lative incidence values). Whereas hazard ratios usefully
indicate elevations in risk compared to a reference popula-
tion, absolute risk estimates are more intuitive, clinically
relevant and may usefully inform service planning.
Methods
Study population
We delineated a national cohort of persons born in
Denmark to two Danish-born parents between 1 January
1980 and 31 December 2000, who were living in
Denmark at their 15th birthdays. Since 1968, the Danish
Civil Registration System [7] has maintained information
on all residents, including demographic details and links
to parents as well as continuous updates on place of
residence and vital status. Unique personal identification
numbering enables accurate individual-level interlinkage
of multiple national registers. The Danish Data Protec-
tion Agency approved the study, with data access agreed
by Statistics Denmark and the Danish Health Data Au-
thority. Informed consent from cohort members was not
required in this register-based study.
Parental income measurement
Information about maternal and paternal gross annual
income was obtained from the Integrated Database for
Labour Market Research [8]. Gross income is a broad in-
come measure, which includes salary, entrepreneurial in-
come, capital income, public transfer payments and
pensions, and it was measured in the child’s birth year
(age 0) and at ages 5, 10 and 15 years. Parental income
was calculated by summing maternal and paternal in-
come. The aggregate values were grouped as quintiles in
the national distribution for that calendar year, with
quintile 1 representing the lowest income and quintile 5
the highest. Additionally, we constructed a cumulative
parental income indicator by adding the parental income
quintiles measured at each of the four ages together.
This scale ranged from 4 to 20, with a value of 4 repre-
senting parental income being consistently in the lowest
Hakulinen et al. BMC Medicine          (2020) 18:323 Page 2 of 11
income quintile across the four ages and a score of 20
indicating living in the most affluent quintile families
through childhood. The scale thus indicates both relative
parental income levels and their duration between birth
and 15th birthday. The scale was applied in two recently
reported Danish registry studies [9, 10].
Classification of mental disorders
Information on psychiatric diagnoses was obtained from
the Psychiatric Central Research Register [11]. Using this
source, we could examine only persons diagnosed and
treated with mental disorders in secondary care settings;
i.e. from 1969, patients admitted to an inpatient psychi-
atric unit or department and, from 1995, those who had
contact with a mental health specialist in an outpatient
clinic or a general hospital emergency room. The follow-
ing two groups of mental disorders were not captured in
this national register: those diagnosed by general practi-
tioners; those diagnosed by psychiatrists working in pri-
vate practice, although such practice is rare in Denmark.
The Danish modification of the International Classifica-
tion of Diseases, Eighth Revision (ICD-8) was utilised
from 1969 to 1993, with the Tenth Revision (ICD-10)
used from 1994 onwards. Classification of the examined
mental disorders is shown in Additional file 1: eTable 1.
Covariates
The following covariates, which were assessed in a previ-
ous study [10] and have been linked with elevated risk of
developing mental disorders, were fitted in multivariable
models: paternal and maternal educational attainment
(from the Danish Education Register) [12], history of pa-
ternal and maternal mental disorders (from the Danish
Psychiatric Central Research Register [11]), degree of ur-
banisation at cohort members’ place of residence in their
birth year [13] and total number of child-parent separ-
ation status changes between birth and 15th birthday
(from the Danish Civil Registration System [7]). Details
of these measures are given in the online supplement
(Additional file 1: Additional detailed information on
covariates).
Statistical analysis
Cohort members were followed up from their 15th
birthday until first diagnosis of the mental disorder be-
ing examined, date of emigration from Denmark, death,
or 31 December 2016, whichever came first. For each
diagnostic category examined, individuals who had re-
ceived a relevant diagnosis within that category prior to
their 15th birthday were excluded from the analysis. Cox
proportional hazard models, adjusted for gender, birth
year and time-varying calendar year period, were fitted
to estimate the hazard ratios (relative risks) of develop-
ing the examined mental disorders. Schoenfeld’s
residuals were assessed to verify that the proportional
hazards assumption was met. Cumulative incidence (ab-
solute risk) of developing mental disorders from 15th to
37th birthday was estimated using competing-risks re-
gression, [14] with emigration from Denmark and death
being treated as competing events. All analyses were
conducted using Stata version 15.1.
Role of the funding source
The funders of the study played no role in the study de-
sign, data collection, data analysis, data interpretation,
and writing of the manuscript. The corresponding au-
thor had full access to all of the study data and had final
responsibility for the decision to submit for publication.
Results
There were 1,051,265 cohort members in 583,005 mater-
nal sibships. Just under a half of all cohort members
were women (48.7%), and 107,394 individuals (60.1%
women) were diagnosed with a mental disorder in a sec-
ondary care setting after reaching age 15 over the aggre-
gated follow-up period of 11.6 million person years.
Information pertaining to the distribution of sociodemo-
graphic characteristics among cohort members with and
without subsequent mental disorder is presented in
Additional file 1: eTable 2.
The results presented in Table 1 show an inverse asso-
ciation between parental income quintile at birth and
later risk of developing any mental disorder, substance
misuse disorders, personality disorders, broadly defined
schizophrenia, mood disorders and anxiety/somatoform
disorders. These associations were non-linear with con-
siderably higher risks observed among cohort members
who were brought up in the poorest families (i.e. income
quintile 1). Similar relative risk patterns were observed
when parental income at age 15 years was investigated
(Additional file 1: eTable 3). In general, risks were higher
for substance misuse disorders (quintile 1 at birth: HR
3.44; 95% CI 3.27–3.62), and personality disorders (HR
2.76; 95% CI 2.64–2.88), and somewhat lower for mood
disorders (HR 1.72; 95% CI 1.67–1.78) and anxiety/
somatoform disorders (HR 2.11; 95% CI 2.06–2.17). Ad-
justment for additional covariates (parental education,
history of parental mental disorder, level of urbanicity at
birth and number of changes in child-parental separ-
ation status) attenuated the strength of the observed as-
sociations, but risk gradients remained. Across the
spectrum of mental illnesses, eating disorders was the
only diagnostic category for which low parental income
did not predict elevated risk. In fact, the risk of develop-
ing an eating disorder was lower among cohort members
who were in lowest parental income during their birth
year (HR 0.90; 95% 0.85–0.96).
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Figure 1 and Additional file 1: eTable 4 show the asso-
ciations between duration of parental income levels dur-
ing childhood, as represented by the cumulative parental
income scale, and subsequent risks of developing a men-
tal disorder. The results indicate that children whose
families remained in the lowest income quintile through
childhood (parental income score = 4) had the highest
risk (HR 3.44; 95% CI 3.33–3.55) of developing a mental
disorder versus those who experienced affluent condi-
tions throughout (score = 20). Overall, the longer the
time a child spent living in a more economically disad-
vantaged familial environment (i.e. the lower the score),
the higher the subsequent risk. Among the diagnostic
categories examined (Fig. 1 and Additional file 1:
Table 1 Number of cases, incidence rates and hazard ratios (HRs) for mental disorder diagnostic categories by parental income








Q1 30,626 1512 2.09 (2.05, 2.13) 1.52 (1.49, 1.55)
Q2 23,328 1108 1.53 (1.50, 1.56) 1.33 (1.30, 1.36)
Q3 19,853 929 1.28 (1.25, 1.31) 1.20 (1.17, 1.22)
Q4 17,813 826 1.14 (1.11, 1.16) 1.10 (1.08, 1.13)
Q5 15,774 726 1.00 (Ref.) 1.00 (Ref.)
Substance misuse disorder
Q1 6480 284 3.44 (3.27, 3.62) 1.95 (1.85, 2.07)
Q2 4008 174 2.10 (1.99, 2.22) 1.63 (1.54, 1.72)
Q3 3096 134 1.62 (1.53, 1.72) 1.43 (1.35, 1.52)
Q4 2479 107 1.29 (1.22, 1.37) 1.22 (1.15, 1.30)
Q5 1917 83 1.00 (Ref.) 1.00 (Ref.)
Personality disorders
Q1 7858 347 2.76 (2.64, 2.88) 1.78 (1.70, 1.87)
Q2 5317 232 1.85 (1.76, 1.93) 1.53 (1.46, 1.60)
Q3 4201 183 1.45 (1.38, 1.52) 1.33 (1.26, 1.39)
Q4 3735 163 1.29 (1.23, 1.36) 1.24 (1.18, 1.30)
Q5 2889 126 1.00 (Ref.) 1.00 (Ref.)
Broadly defined schizophrenia
Q1 4715 206 2.38 (2.25, 2.50) 1.74 (1.64, 1.84)
Q2 2937 127 1.47 (1.39, 1.55) 1.34 (1.26, 1.42)
Q3 2427 105 1.21 (1.14, 1.28) 1.19 (1.12, 1.26)
Q4 2151 93 1.07 (1.01, 1.14) 1.08 (1.01, 1.15)
Q5 2002 87 1.00 (Ref.) 1.00 (Ref.)
Mood disorders
Q1 10,482 465 1.72 (1.67, 1.78) 1.32 (1.27, 1.36)
Q2 8497 374 1.38 (1.34, 1.43) 1.23 (1.19, 1.28)
Q3 7256 318 1.18 (1.14, 1.22) 1.12 (1.08, 1.16)
Q4 6629 291 1.08 (1.04, 1.11) 1.05 (1.01, 1.09)
Q5 6151 270 1.00 (Ref.) 1.00 (Ref.)
Anxiety/somatoform disorders
Q1 18,683 854 2.11 (2.06, 2.17) 1.50 (1.46, 1.54)
Q2 14,109 634 1.57 (1.52, 1.60) 1.36 (1.32, 1.40)
Q3 11,938 533 1.31 (1.28, 1.35) 1.23 (1.20, 1.27)
Q4 10,776 480 1.18 (1.15, 1.22) 1.15 (1.12, 1.18)
Q5 9130 406 1.00 (Ref.) 1.00 (Ref.)
Eating disorders
Q1 2143 93 0.90 (0.85, 0.96) 0.88 (0.82, 0.93)
Q2 1909 83 0.80 (0.75, 0.85) 0.83 (0.78, 0.89)
Q3 2096 91 0.88 (0.83, 0.93) 0.92 (0.87, 0.98)
Q4 2045 89 0.86 (0.81, 0.92) 0.89 (0.84, 0.94)
Q5 2355 102 1.00 (Ref.) 1.00 (Ref.)
Q = quintile. The reference group is quintile 5 (HR = 1). Incidence rate is reported per 100,000 person years
aBasic adjustment—hazard ratios adjusted for gender, birth year and calendar time
bAdditional adjustment—hazard ratios adjusted for gender, birth year, calendar time, parental mental disorders, parental educational attainment level, degree of
urbanicity at birth and number of changes in child-parental separation status between birth and 15th birthday
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eTables 5–9), the associations were strongest for sub-
stance misuse disorders and for personality disorders.
Cohort members who remained in the lowest parental
income quintile through childhood had much higher
risks of developing these conditions versus their peers
who were continuously brought up in affluence; sub-
stance misuse disorders: HR 7.68; 95% CI 7.01–8.42; per-
sonality disorders: HR 5.38; 95% CI 5.00–5.78. On the
contrary, although longer time spent living in poorer
conditions was still associated with higher risks of devel-
oping mood disorders, the associations were much
weaker. For all disorders, the associations were attenu-
ated when adjusted for additional covariates, but risk
gradients remained (Fig. 1). Cohort members who were
in the lowest income quintile in their birth year, and also
at ages 5, 10 and 15, had an absolute risk of 34.3% (95%
CI 33.4, 35.1%) for being diagnosed with any mental dis-
order by age 37, compared with 12.0% (95% CI 11.5,
12.5%) risk for those individuals who were in the highest
income quintile in their birth years at ages 5, 10 and 15
as well.
The associations between parental income scale and
later risk of developing an eating disorder are shown in
Fig. 2. Contrary to the consistent pattern of elevated risk
observed in relation to the other mental disorders exam-
ined, longer time spent in economically advantaged con-
ditions predicted higher risk for developing an eating
disorder. Adjustment for additional covariates did not
essentially alter the observed association for this diag-
nostic category (Fig. 2; Additional file 1: eTable 10).
Cumulative incidence percentage values for developing
a mental disorder between 15th and 37th birthday by
parental income levels during birth year are shown in
Fig. 3. Individuals who were in the lowest income quin-
tile at birth had a 25.2% (95% CI 24.8–25.6%) risk of be-
ing diagnosed with a mental disorder by age 37 years,
Fig. 1 Hazard ratios for any mental disorder, substance misuse disorders, personality disorders, broadly defined schizophrenia, mood disorders,
anxiety/somatoform disorders by parental income scale during childhood. The parental income scale represents relative parental income levels
and their duration between birth and 15th birthday. A minimum score of 4 represents parental income being in the lowest level across all four
age points. A maximum score of 20—the reference category for HRs estimation (HR = 1)—represents parental income being consistently in the
highest quintile 5. Basic adjustment—hazard ratios adjusted for gender, birth year and calendar time. Additional adjustment—hazard ratios
adjusted for gender, birth year, calendar time, parental mental disorders, parental educational attainment level, degree of urbanicity at birth and
number of changes in child-parental separation status between birth and 15th birthday
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compared with 13.5% (95% CI 13.2–13.9%) for those
born in the most affluent quintile. The absolute risks for
the specific diagnostic categories examined are shown in
Additional file 1: eTable 11. Although relative risks were
highest for substance misuse disorders and for personal-
ity disorders, children born in the lowest income families
had the highest absolute risks of developing anxiety/
somatoform disorders (15.8%; 95% CI 15.5–16.2%) and
mood disorders (9.6%; 95% CI 9.3–9.9%). Absolute risks
were lower for broadly defined schizophrenia (3.9%; 95%
CI 3.7–4.0%), substance misuse disorders (5.3%; 95% CI
5.2–5.5%), personality disorders (6.7%; 95% CI 6.5–7.0%)
and eating disorders (1.6%; 95% CI 1.5–1.7%).
Risks of developing a mental disorder for the most up-
wardly mobile cohort members (i.e. children born in
quintile 1 and living in quintile 5 at age 15), and for
those who experienced the greatest degree of downward
mobility through childhood (i.e. born in quintile 5 and
living in quintile 1 at age 15), are shown in Table 2.
Compared with those who were born and remained in
quintile 5 (the most affluent quintile) at age 15, down-
ward mobility was associated with elevated risks of de-
veloping mental disorders across the diagnostic
spectrum (with the exception of eating disorders). On
the contrary, when compared with those who were born
and remained in quintile 1 (the lowest quintile) at age
15, upward mobility was associated with decreased risks
of developing mental disorders. The exception for this
was again eating disorders, for which upward mobility
was associated with increased risk.
Discussion
In this cohort study of over a million Danish persons,
we found that lower parental income, longer time spent
growing up in financially poorer conditions and down-
ward family income mobility during childhood were as-
sociated with higher risk for developing a secondary
care-diagnosed mental disorder as a young adult. The
greatest hazard ratios observed were for substance mis-
use disorders and for personality disorders, but similar
patterns were seen across a broad range of mental dis-
order diagnostic categories. These risk patterns were at-
tenuated but persisted when further adjustments were
made for history of parental mental illness, parental edu-
cational attainment levels, urbanicity and number of
changes in child-parent separation status between birth
and 15th birthday. Importantly, around a quarter of
young adults who were born into the lowest income
families will have developed a mental disorder by age 37,
compared with 13% of those born into the most affluent
families. The risk patterns observed were strikingly dif-
ferent for eating disorders, for which lower parental in-
come during childhood was associated with lower
subsequent risk of developing disorder.
Fig. 2 Hazard ratios for eating disorders by parental income scale during childhood. The parental income scale represents relative parental
income levels and their duration between birth and 15th birthday. Basic adjustment—hazard ratios adjusted for gender, birth year, and calendar
time. Additional adjustment—hazard ratios adjusted for gender, birth year, calendar time, parental mental disorders, parental educational
attainment level, degree of urbanicity at birth and number of changes in child-parental separation status between birth and 15th birthday.
Parental income scores were aggregated due to small number of cohort members per group
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We conducted a comprehensive investigation of par-
ental income levels during childhood and later risks for
developing mental disorders across the full spectrum of
psychiatric diagnostic categories. Although there are
some notable exceptions [9, 10, 15], most studies that
investigated links between parental income and later
risks of mental disorder did not take into account
changes in income levels during childhood. Using paren-
tal income data from early-mid childhood, a study from
Sweden has identified five income trajectories and re-
ported that persistence of low family income and down-
ward trajectories in income levels were associated with
the highest subsequent risks of developing a range of
mental disorders [15]. With a much larger number of
cohort members examined in our study, instead of using
group-based trajectory modelling, we have taken an opti-
mal alternative approach by investigating temporal fluc-
tuations in parental income levels. We have additionally
investigated personality disorders and have for the first
time reported absolute risks as well as relative risks. In
addition, although it has been established that low SEP
in childhood is associated with raised risk of developing
mental disorders in adulthood [1–6], most previous
studies have applied measures of SEP other than income,
or have examined only a small array of mental disorders.
The various measures of SEP could reflect different as-
pects of the childhood living environment, but parental
income is likely a more sensitive indicator than the other
measures of the available material resources that parents
can invest in their children [16]. It does not only repre-
sent the financial resources available to the family, but it
also acts as a marker for a multitude of unmeasured
childhood determinants of later mental disorder, such as
neighbourhood environment and housing quality.
We found marked inter-diagnostic differences in the
observed associations between parental income during
childhood and later risks for developing mental disor-
ders. The associations were stronger for substance mis-
use disorders and for personality disorders and weaker
for mood disorders and for anxiety/somatoform disor-
ders. Although these findings are broadly in line with
what has been reported from some previous studies [15],
reasons for the diagnostic differences, especially the in-
congruent associations that we observed for risk of de-
veloping an eating disorder, are unclear. Whereas a
positive association between higher parental education
level and increased risk of eating disorders has previ-
ously been reported, findings pertaining to parental in-
come have been mixed for this diagnostic category [15,
17].
Several mechanisms could explain our findings. Low
parental income has been linked with other highly detri-
mental aspects of family environment, including family
dysfunctionality, and higher risks of conflicts between
family members [18], and of experiencing emotional and
physical abuse [19]. Cumulative exposure to adversities
in childhood has been shown to be especially harmful
not only to later mental health [20], but also to physical
Fig. 3 Cumulative incidence of any mental disorder by 37th birthday according to the parental income quintiles during birth year. Q1 is the
lowest income (most disadvantaged) quintile whereas Q5 is the highest income (least disadvantaged) quintile. The cumulative incidence
percentage value measures the probability of developing any mental disorder before 37th birthday
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health [21]. In our study, the strengths of association
were attenuated, although the risk patterns remained es-
sentially similar, after accounting for the potential con-
founding effects of parental history of mental disorders,
parental education attainment level, degree of urbanisa-
tion at birth and number of changes in child-parent sep-
aration status experienced by cohort members between
their births and 15th birthdays. According to social caus-
ation theory, exposure to chronic stress caused by lack
of socioeconomic resources could at least partly explain
why growing up in a more deprived environment is as-
sociated with worse health outcomes. Importantly, par-
ental income at birth could also serve as a proxy of the
prenatal environment. For example, maternal stress [22]
and maternal infections [23] have been associated with
increased risk of offspring’s mental disorders. Low par-
ental income thus likely acts as marker for a number of
familial and environmental risk factors that are linked
with development of later mental disorders through bio-
logical and psychosocial mechanisms [24]. Many of these
mechanisms could be transdiagnostic—i.e. they increase
risk in relation to multiple disorders. However, disorder-
specific mechanisms may also be important, especially
for eating disorders, for which the risk patterns observed
were distinctly different from those of the other diagnos-
tic categories examined. Further investigations are
needed to elucidate these complex pathways.
Mental disorders oftentimes are comorbid conditions,
and virtually every specific mental disorder is associated
with elevated risk of developing every other type of men-
tal disorder across the diagnostic spectrum [25].
Whereas a Danish register-based study estimated that
the lifetime prevalence of any secondary care-diagnosed
mental disorder is around 33% [26], population-based
longitudinal cohort studies suggest that up to 85% of in-
dividuals could be diagnosed with a mental disorder at
some point during their life [27]. Most mental disorders,
however, start developing and are first diagnosed during
early adulthood [26–28]. Future studies are needed to
estimate whether dynamic socioeconomic conditions in
Table 2 Incidence rates and hazard ratios (HRs) for mental disorder diagnostic categories for the most upwardly mobile and the
most downwardly mobile cohort members
n Incidence rate Basic adjustmenta Additional adjustmentb
Any mental disorder
The most upwardly mobile (quintile 1 at birth to quintile 5 at age 15)c 1640 847.3 0.43 (0.41, 0.45) 0.62 (0.59, 0.66)
The most downwardly mobile (quintile 5 at birth to quintile 1 at age 15)d 1331 973.2 1.48 (1.39, 1.57) 1.27 (1.19, 1.35)
Substance misuse disorders
The most upwardly mobile 204 98.5 0.24 (0.21, 0.28) 0.42 (0.36, 0.49)
The most downwardly mobile 213 143.6 2.22 (1.91, 2.59) 1.74 (1.48, 2.04)
Personality disorders
The most upwardly mobile 303 146.9 0.30 (0.27, 0.34) 0.49 (0.43, 0.55)
The most downwardly mobile 315 213.6 2.06 (1.82, 2.33) 1.68 (1.48, 1.92)
Broadly defined schizophrenia
The most upwardly mobile 236 114.1 0.42 (0.37, 0.48) 0.58 (0.51, 0.67)
The most downwardly mobile 184 124.1 1.62 (1.38, 1.90) 1.35 (1.13, 1.60)
Mood disorders
The most upwardly mobile 669 327.6 0.61 (0.56, 0.66) 0.84 (0.77, 0.91)
The most downwardly mobile 503 343.8 1.36 (1.24, 1.49) 1.15 (1.04, 1.28)
Anxiety/somatoform disorders
The most upwardly mobile 946 469.2 0.43 (0.40, 0.46) 0.63 (0.59, 0.67)
The most downwardly mobile 817 569.1 1.62 (1.50, 1.74) 1.40 (1.29, 1.51)
Eating disorders
The most upwardly mobile 222 107.5 1.23 (1.06, 1.43) 1.29 (1.10, 1.50)
The most downwardly mobile 151 101.8 0.92 (0.78, 1.09) 0.90 (0.76, 1.08)
Incidence rate is reported per 100,000 person years
aBasic adjustment—hazard ratios adjusted for gender, birth year and calendar time
bAdditional adjustment—hazard ratios adjusted for gender, birth year, calendar time, parental mental disorders, parental educational attainment level, degree of
urbanicity at birth and number of changes in child-parental separation status
cThe reference group are those persons who were born and remained in quintile 5 at age 15
dThe reference group are those persons who were born and remained in quintile 1 at age 15
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childhood are associated with increased risk of comor-
bidity, i.e. developing more than one disorder, and lon-
ger duration of disorder.
Utilisation of interlinked Danish national registers pro-
vided rich information for the entire population includ-
ing parental income data. Danish psychiatric hospitals
and outpatient facilities are freely available to the public,
and so access should not be determined by a family’s
available financial resources. There is, however, evidence
that lower socioeconomic position is associated with less
frequent utilisation of mental health services in Denmark
[29]. By including only persons born in Denmark with
two Danish-born parents, we factored out by design the
potential confounding influence of immigrant status on
risks of developing a mental disorder [30]. Examining a
single study cohort also enabled us to make direct com-
parisons of risks across a broad range of diagnostic cat-
egories without inter-cohort biases. Additionally, the
large cohort size and the study’s longitudinal design en-
abled us to estimate both relative and absolute risks with
a high level of statistical power and precision.
Our study also had several limitations. Only individ-
uals diagnosed in secondary care settings were included
[31]. Therefore, individuals with milder symptoms who
were only treated by a general practitioner or who did
not seek help from any type of healthcare service for
their mental disorders were not considered. Whereas it
can be assumed that more severe disorders, such as
schizophrenia, are eventually treated in secondary care
and registered, this might be especially problematic for
less severe disorders. For example, only a quarter of in-
dividuals whose depression was medicated with antide-
pressants in Denmark were also treated in psychiatric
hospital settings for depression [32], indicating that most
depression cases are not recorded in the Psychiatric
Central Research Register. Adjustment for parental men-
tal illness also likely represented an under-adjustment as
most parental psychiatric disorders that were treated in
outpatient clinics (without inpatient admission) were not
recorded, and all of those that were treated in primary
care (without inpatient or outpatient treatment) were
unregistered. Furthermore, although register-based men-
tal disorder diagnoses have been shown to have good
validity [33, 34], not all mental disorders have been vali-
dated. Income from sources that are not officially regis-
tered, such as gifts, unreported employment or transfers
from parents, were not included. We do not believe that
this would have had a marked impact on the observed
associations and patterns of risk as illicit work is rela-
tively uncommon in Denmark compared to other Euro-
pean countries [35]. Detailed information on
psychosocial factors, which could help to explain the link
between parental income during childhood and later risk
of developing a mental disorder, is also not recorded in
these administrative registers. Thus, the possibility of re-
sidual confounding cannot be ruled out in observational
studies such as ours, and results should be interpreted
with caution. Last, no correction of standard errors for
sibship clustering was performed.
It is important to note that rather than investigating
the causal effect of parental income per se, we concep-
tualised parental income as an indicator for an array of
measured and unmeasured monetary and non-monetary
indices of family’s social environments that are typically
interrelated. As our results indicate, controlling for a
range of covariates attenuates the relative risk estimates
observed, but such estimates would still only constitute
partial adjustments as it would never be possible to con-
trol for all relevant correlates, and therefore completely
disentangle these non-monetary influences from the dir-
ect monetary impact. It is also plausible to posit that our
adjusted estimates are actually over-adjusted, as some of
the adjusted variables likely lie on the causal pathway be-
tween parental income levels and trajectories through
childhood and subsequent risks for developing mental
disorders as a young adult. For example, parental educa-
tional attainment is likely a key causal determinant of
parental income level and thus adjusting for it as a po-
tential confounder may inappropriately remove some of
the association that we seek to observe.
Income inequality and the prevalence of childhood
poverty in Denmark are ranked as being among the low-
est among countries worldwide [36]. The income quin-
tile share ratio is a measure of income equality and is
defined as “the ratio of total income received by the 20
% of the population with the highest income (top quin-
tile) to that received by the 20 % of the population with
the lowest income (lowest quintile)”; in 2016, the ratio
was 4.06 in Denmark versus the EU average of 5.16 [37].
The associations observed in this study may therefore be
even more pronounced in other countries that have
greater levels of income disparities and other social in-
equalities, where universal healthcare provision is lack-
ing, and where welfare benefits for disadvantaged
individuals and families are more limited.
Conclusions
Our study shows how dynamic socioeconomic condi-
tions in childhood are associated with elevated risks for
developing a broad range of mental disorders diagnosed
in secondary care settings and that longer time spent
growing up in financially poorer conditions may be espe-
cially harmful to later mental health. Interventions to
mitigate the disadvantages linked with low income, and
better opportunities for upward socioeconomic mobility,
are needed to reduce social inequality in mental health,
which in turn could lower the risk of developing socio-
economically patterned somatic conditions in later life
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[38]. Since longer time spent in low-income conditions
was linked with higher subsequent risks of developing
mental illnesses, preventive measures targeted at early
childhood could be especially beneficial in reducing
these enduring risks.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12916-020-01794-5.
Additional file 1: Additional detailed information on covariates.
eTables 1–11. eTable 1 - Classification of the mental disorder
diagnostic categories. eTable 2 - Sociodemographic characteristics of
individuals according to any mental disorder diagnosis. eTable 3 -
Number of cases, incidence rates and hazard ratios (HRs) for any mental
disorder and for each diagnostic category by parental income quintile at
age 15 years. eTable 4 - Hazard ratios for developing any mental
disorder by cumulative parental income scale during childhood.
eTable 5 - Hazard ratios for developing a substance misuse disorder by
cumulative parental income scale during childhood. eTable 6 - Hazard
ratios for developing a personality disorder by cumulative parental
income scale during childhood. eTable 7 - Hazard ratios for developing
broadly defined schizophrenia by cumulative parental income scale
during childhood. eTable 8 - Hazard ratios for developing a mood
disorder by cumulative parental income scale during childhood.
eTable 9 - Hazard ratios for developing an anxiety/somatoform disorder
by cumulative parental income scale during childhood. eTable 10 -
Hazard ratios for developing an eating disorder by cumulative parental
income scale during childhood. eTable 11 - Cumulative incidence for
developing any mental disorder and for each diagnostic category at age
37 years by parental income quintile during birth-year.
Authors’ contributions
All authors designed the study, interpreted the results and provided critical
revision of the manuscript for important intellectual content. CH and HTH
conducted the statistical analyses. CH, PLHM and RTW drafted the
manuscript. All authors read and approved the final manuscript.
Funding
This study was supported by the Academy of Finland (310591 to CH), the
Stanley Medical Research Institute (EA, CBP, PBM), the Lundbeck Foundation,
Denmark (EA, CBP, PBM) and the European Research Council (335905 to
RTW).
Availability of data and materials
The data that support the findings of this study are available from Statistics
Denmark. Restrictions apply to the availability of these data, which were
used under license for this study. For information on accessing the data, see
www.dst.dk.
Ethics approval and consent to participate
The Danish Data Protection Agency approved the study, with data access
agreed by Statistics Denmark and the Danish Health Data Authority.





We declare no competing interests.
Author details
1Department of Psychology and Logopedics, Faculty of Medicine, University
of Helsinki, P.O. Box 21, 00014 Helsinki, Finland. 2Centre for
Pharmacoepidemiology and Drug Safety, Division of Pharmacy and
Optometry, Manchester Academic Health Sciences Centre, University of
Manchester, Manchester, UK. 3iPSYCH, The Lundbeck Foundation Initiative for
Integrative Psychiatric Research, Aarhus, Denmark. 4NCRR National Centre for
Register-Based Research, School of Business and Social Sciences, Aarhus
University, Aarhus V, Denmark. 5Centre for Integrated Register-Based
Research, CIRRAU, Aarhus University, Aarhus, Denmark. 6Centre for Mental
Health and Safety, Division of Psychology and Mental Health, Manchester
Academic Health Sciences Centre, University of Manchester, Manchester, UK.
7NIHR Greater Manchester Patient Safety Translational Research Centre,
Manchester, UK.
Received: 3 April 2020 Accepted: 24 September 2020
References
1. Lorant V, Deliege D, Eaton W, Robert A, Philippot P, Ansseau M.
Socioeconomic inequalities in depression: a meta-analysis. Am J Epidemiol.
2003;157:98–112.
2. McLaughlin KA, Breslau J, Green JG, Lakoma MD, Sampson NA, Zaslavsky
AM, et al. Childhood socio-economic status and the onset, persistence, and
severity of DSM-IV mental disorders in a US national sample. Soc Sci Med.
2011;73:1088–96.
3. WHO. Social determinants of mental health. 2014.
4. Reiss F. Socioeconomic inequalities and mental health problems in children
and adolescents: a systematic review. Soc Sci Med. 2013;90:24–31.
5. Lund C, Breen A, Flisher AJ, Kakuma R, Corrigall J, Joska JA, et al. Poverty
and common mental disorders in low and middle income countries: a
systematic review. Soc Sci Med. 2010;71:517–28.
6. Power C, Atherton K, Strachan DP, Shepherd P, Fuller E, Davis A, et al. Life-
course influences on health in British adults: effects of socio-economic
position in childhood and adulthood. Int J Epidemiol. 2007;36:532–9.
7. Pedersen CB. The Danish civil registration system. Scand J Public Health.
2011;39:22–5.
8. Petersson F, Baadsgaard M, Thygesen LC. Danish registers on personal
labour market affiliation. Scand. J. Public Health. 2011;39:95–8.
9. Mok PLH, Antonsen S, Pedersen CB, Carr MJ, Kapur N, Nazroo J, et al. Family
income inequalities and trajectories through childhood and self-harm and
violence in young adults: a population-based, nested case-control study.
Lancet Public Health. 2018;3:e498–507.
10. Hakulinen C, Webb RT, Pedersen CB, Agerbo E, Mok PLH. Parental income
during childhood and later risk of developing schizophrenia: a national
cohort study. JAMA Psychiatry. 2020;77:17–24.
11. Mors O, Perto GP, Mortensen PB. The Danish psychiatric central research
register. Scand J Public Health. 2011;39:54–7.
12. Jensen VM, Rasmussen AW. Danish education registers. Scand. J. Public
Health. 2011;39:91–4.
13. Vassos E, Agerbo E, Mors O, Bøcker PC. Urban-rural differences in incidence
rates of psychiatric disorders in Denmark. Br J Psychiatry. 2016;208:435–40.
14. Andersen PK, Geskus RB, De witte T, Putter H. Competing risks in
epidemiology: possibilities and pitfalls. Int. J. Epidemiol 2012;41:861–870.
15. Björkenstam E, Cheng S, Burström B, Pebley AR, Björkenstam C, Kosidou K.
Association between income trajectories in childhood and psychiatric
disorder: a Swedish population-based study. J Epidemiol Community
Health. 2017;71:648–54.
16. Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey SG. Indicators of
socioeconomic position (part 1). J Epidemiol Community Health. 2006;60:7–12.
17. Schaumberg K, Welch E, Breithaupt L, Hübel C, Baker JH, Munn-Chernoff
MA, et al. The science behind the academy for eating disorders’ nine truths
about eating disorders. Eur Eat Disord Rev. 2017;25:432–50.
18. Repetti RL, Taylor SE, Seeman TE. Risky families : family social environments
and the mental and physical health of offspring. Psychol Bull. 2002;128:330–66.
19. Fisher VA, Smith ADAC, Crawford KM, Susser ES, Slopen N, Raffeld MR, et al.
What life course theoretical models best explain the relationship between
exposure to childhood adversity and psychopathology symptoms: recency,
accumulation, or sensitive periods? Psychol Med. 2018;48:2562–72.
20. Green JG, McLaughlin KA, Berglund PA, Gruber MJ, Sampson NA, Zaslavsky
AM, et al. Childhood adversities and adult psychiatric disorders in the
national comorbidity survey replication I: associations with first onset of
DSM-IV disorders. Arch Gen Psychiatry. 2010;67:113–23.
21. Hughes K, Bellis MA, Hardcastle KA, Sethi D, Butchart A, Mikton C, et al. The
effect of multiple adverse childhood experiences on health: a systematic
review and meta-analysis. Lancet Public Health. 2017;2:e356–66.
Hakulinen et al. BMC Medicine          (2020) 18:323 Page 10 of 11
22. Van den Bergh BRH, van den Heuvel MI, Lahti M, Braeken M, de Rooij SR,
Entringer S, et al. Prenatal developmental origins of behavior and mental
health: the influence of maternal stress in pregnancy. Neurosci Biobehav
Rev. 2017;S0149–7634(16)30734. https://doi.org/10.1016/j.neubiorev.2017.07.
003.
23. Lydholm CN, Köhler-Forsberg O, Nordentoft M, Yolken RH, Mortensen PB,
Petersen L, et al. Parental infections before, during, and after pregnancy as
risk factors for mental disorders in childhood and adolescence: a
nationwide Danish study. Biol Psychiatry. 2019;85:317–25.
24. Jensen SKG, Berens AE, Nelson CA. Effects of poverty on interacting
biological systems underlying child development. Lancet Child Adolesc
Health. 2017;1:225–39.
25. Plana-Ripoll O, Pedersen CB, Holtz Y, Benros ME, Dalsgaard S, De Jonge P,
et al. Exploring comorbidity within mental disorders among a Danish
national population. JAMA Psychiatry. 2019;76:259–70.
26. Pedersen CB, Mors O, Bertelsen A, Waltoft BL, Agerbo E, McGrath JJ, et al. A
comprehensive nationwide study of the incidence rate and lifetime risk for
treated mental disorders. JAMA Psychiatry. 2014;71:573–81.
27. Caspi A, Houts RM, Ambler A, Danese A, Elliott ML, Hariri A, et al.
Longitudinal assessment of mental health disorders and comorbidities
across 4 decades among participants in the Dunedin Birth Cohort Study.
JAMA Netw Open. 2020;3:e203221.
28. Dalsgaard S, Thorsteinsson E, Trabjerg BB, Schullehner J, Plana-Ripoll O,
Brikell I, et al. A comprehensive nationwide study of the incidence of the
full spectrum of mental disorders in childhood and adolescence. JAMA
Psychiatry. 2020;77:155–64.
29. Packness A, Waldorff FB, dePont Christensen R, Hastrup LH, Simonsen E,
Vestergaard M, et al. Impact of socioeconomic position and distance on
mental health care utilization: a nationwide Danish follow-up study. Soc
Psychiatry Psychiatr Epidemiol. 2017;52:1405–13.
30. Cantor-Graae E, Pedersen CB. Full spectrum of psychiatric disorders related
to foreign migration: a Danish population-based cohort study. JAMA
Psychiatry. 2013;70:427–35.
31. Schmidt M, Schmidt SAJ, Adelborg K, Sundbøll J, Laugesen K, Ehrenstein V,
et al. The Danish health care system and epidemiological research: from
health care contacts to database records. Clin Epidemiol. 2019;11:563–91.
32. Musliner KL, Liu X, Gasse C, Christensen KS, Wimberley T, Munk-Olsen T.
Incidence of medically treated depression in Denmark among individuals
15-44 years old: a comprehensive overview based on population registers.
Acta Psychiatr Scand. 2019;139:548–57.
33. Kessing L. Validity of diagnoses and other clinical register data in patients
with affective disorder. Eur Psychiatry. 1998;13:392–8.
34. Uggerby P, Østergaard SD, Røge R, Correll CU, Nielsen J. The validity of the
schizophrenia diagnosis in the Danish Psychiatric Central Research Register
is good. Dan Med J. 2013;60(2):A4578.
35. Enste D. The shadow economy in industrial countries. IZA World of Labor.
2018:127. https://doi.org/10.15185/izawol.127.v2.
36. OECD. Income inequality. Available from: https://data.oecd.org/inequality/
income-inequality.htm. Accessed 11 June 2020.
37. Eurostat. Income quintile share ratio (S80/S20) by sex. Available from:
https://ec.europa.eu/eurostat/web/products-datasets/product?code=tessi1
80. Accessed 11 June 2020.
38. Kivimäki M, Batty GD, Pentti J, Shipley MJ, Sipilä PN, Nyberg ST, et al.
Association between socioeconomic status and the development of mental
and physical health conditions in adulthood: a multi-cohort study. Lancet
Public Health. 2020;5(3):E140–9.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Hakulinen et al. BMC Medicine          (2020) 18:323 Page 11 of 11
